Introduction
============

An excess of weight including obesity have reached epidemic rates in all age groups, both overweight children and adolescents in developed and developing countries. It is notable that overweight children and adolescents have a higher likelihood of becoming obese adults and to present health-related problems early in life including diabetes, cardiovascular disease (CVD) and dyslipidemias^([@r01],[@r02])^. Dyslipidemia, characterized by altered circulating levels of blood lipids and/or lipoprotein concentrations, has a genetic or environmental etiology^([@r03],[@r04])^. Alterations in low-density lipoprotein cholesterol (LDLc), total cholesterol and triglycerides are associated with the development of atherosclerotic plaques, which in turn have a relationship with high fat mass, in particular visceral fat^([@r05],[@r06])^.

Nowadays, several methods are used to estimate body fat, including the body mass index (BMI)^([@r06])^, waist circumference (WC)^([@r06])^, and the sum of skinfold thicknesses^([@r07])^. An estimation of fat depots are essential to better understand the effects of obesity on the health status, as fat distribution has been described as an important marker of inflammation and is directly linked to changes in cytokine concentrations and the platelet count^([@r08])^. Additionally, platelets, red blood cells (RBCs) and hemoglobin are associated with cardiorespiratory conditions^([@r09],[@r10])^, the oxidative metabolism^([@r11])^, and cardiovascular events^([@r12])^ in obese and non-obese individuals.

However, almost no studies have been conducted to describe any possible associations between body fat and hematological variables and so this topic is poorly discussed in the current literature. This study aimed to verify the relationship between the blood lipid and hematologic profiles with obesity in adolescents beginning multidisciplinary weight loss therapy.

Methods
=======

This cross-sectional study was conducted with 85 obese adolescents (51 girls and 34 boys) seeking weight loss treatment in the Outpatient Clinic Multidisciplinary Obesity Intervention Program at the Universidade de Pernambuco (UPE), Brazil in 2011. All adolescents had BMI \> 95^th^ percentile^([@r13])^, were aged from 12-19 years old and were in pubertal stage 3 or 4 according to the Tanner scale^([@r14],[@r15])^. Exclusion criteria were the chronic use of alcohol, smoking, metabolic diseases, continuous use of anti-inflammatory drugs and having infectious or allergic diseases at the time of blood collection. The study was formally approved by the Research Ethics Committee of UPE (\#154/09). Informed consent was obtained from all subjects and/or their parents.

Procedures
----------

Subjects wearing light clothing and no shoes were weighed on a Filizola^TM^ scale to the nearest 0.1 kg. Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer (Sanny, model ES 2030). BMI was calculated as body weight divided by height squared. Waist circumference (WC) was measured at the midpoint between the lower ribs and the iliac crest with an inextensible measuring tape with precision to 0.1 cm. All measurements were according to the procedures as previously described by Lohman et al.^([@r16])^. The skinfold thickness was measured at the triceps, subscapular and calf sites to the nearest 1 mm using calipers (Lange^TM)^.

Blood collection was performed from the cubital vein into a tube containing ethylenediaminetetraacetic acid (EDTA)-K3E (Vacutainer*)* between 8:00 and 9:00 am after overnight fasting. The RBC, hemoglobin and platelet counts were determined by fluorescence flow cytometry (Automated hematology analyzer -Sysmex XT 1800^TM)^. Total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol (HDLc) were analyzed using the enzymatic colorimetric method (automatic biochemistry analyzer - Cobas Integra 400 Plus - Roche^TM)^; when TG levels were lower than 400 mg/dL, LDLc was calculated using the Friedewald equation^([@r17])^.

Statistical analysis
--------------------

Data were submitted to the Kolmogorov-Smirnov test of normality. Values are shown as means and standard deviation (SD) for variables that met the criteria of normality and non-parametric variables are presented as median (MD), minimum (MIN) and maximum (MAX) values. The Spearman and Pearson correlation coefficients were used to determine possible correlations between variables. Significance was set for p-values \< 0.05. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS, version 10.0).

Results
=======

[Table 1](#t01){ref-type="table"} show s the anthropometric characteristics and body composition of the study sample. No gender differences were observed for BMI, WC or sum of skinfolds, however, boys were taller and with more free fat mass than girls who presented more fat mass. According to the hematologic profile, there were significant differences for the RBC (p-value = 0.000), hemoglobin (p-value = 0.000) and platelet counts (p-value = 0.002) between genders ([Table 2](#t02){ref-type="table"}).

###### 

Body composition and anthropometric characteristics of obese adolescents

  **Boys (n = 34)**   **Girls (n = 51)**                  
  ------------------- -------------------- -------------- -------
  Age (years)         15.4 ± 1.8           15.8 ± 2.0     0.364
  Height (m)          1.67 ± 0.06          1.59 ± 0.06    0.000
  Weight (kg)         97.1 ± 14.6          91.9 ± 13.4    0.097
  BMI (kg/m^2^)       34.0 ± 4.5           35.5 ± 4.5     0.147
  SS (mm)             102.8 ± 19.5         108.8 ± 17.7   0.154
  LM (kg)             72.3 (45.9-94.8)     59.0 ± 7.7     0.000
  FM (kg)             26.2 (11.8-43.1)     32.9 ± 9.9     0.013
  WC (cm)             99.3 ± 8.6           96.5 ± 8.5     0.884

BMI = body mass index; SS = sum of skinfold; LM = lean mass; FM = fat mass; WC = waist circumference.

###### 

Biochemical characteristics of obese adolescents according to gender

  **Boys (n = 34)**      **Girls (n = 51)**                       
  ---------------------- -------------------- ------------------- -------
  TC (mg/dL)             157.1 ± 24.4         167.4 ± 33.2        0.082
  HDL (mg/dL)            36.2 ± 8.0           39.1 (18.9-75.5)    0.167
  LDL (mg/dL)            101.8 ± 26.3         105.8 ± 65.1        0.497
  VLDL (mg/dL)           18.2 (10.7-3.0)      17.8 (8.6-78.7)     0.848
  TG (mg/dL)             89.3 (52.8-365.2)    88.4 (42.8-393.3)   0.504
  Blood sugar (mg/dL)    84.8 ± 6.4           83.6 ± 8.4          0.526
  RBC (x 10^12^/L)       5.2 ± 0.4            4.63 ± 0.33         0.000
  Hemoglobin (g/dL)      14.5 ± 1.1           12.98 ± 0.62        0.000
  Platelet (x 10^9^/L)   292.7 ± 73.5         336.0 ± 64.42       0.002

TC = total cholesterol; HDL = high-density lipoprotein; LDL = low-density lipoprotein; VLDL = very low-density lipoprotein; TG = triglyceride; RBC = red blood cell

Correlations analysis ([Figure 1](#f01){ref-type="fig"}) demonstrated a positive correlation between the WC and RBCs and hemoglobin (p-value = 0.024; r = 0.258), conversely the hemoglobin was negatively correlated to the sum of skinfold (p-value = 0.022; r = -0.262). No associations were found for the other variables.

![(A) Red blood cells and waist circumference; (B) Hemoglobin and waist circumference; (C) Hemoglobin and Sum of skinfolds](rbhh-35-163-g01){#f01}

Discussion
==========

It has been postulated that BMI and WC are strong predictors of central body fatness^([@r18])^. Additionally the increase of body weight and adiposity, in particular central depots in childhood and adolescence, are associated to changes in the metabolic profile and cardiovascular problems, even during adolescence or early adult life^([@r19],[@r20])^.

The current study shows differences in the hematological profile between boys and girls; these differences can be explained, at least in part, by the higher BMIs seen in girls^([@r21])^. Besides the effects of adiposity, the low cardiorespiratory fitness, characterized by low oxygen uptake, commonly observed in obese individuals^([@r22])^, as well as the blood flow rate can contribute to decreases in RBCs and consequently in hemoglobin levels^([@r23])^ in this population.

As BMI is highly associated with hypertension, hypertriglyceridemia and hypercholesterolemia^([@r20],[@r24])^, it was expected that the BMI would be associated with the lipid profile. Thus, the absence of any correlation in the present study for this parameter may be related to the characteristics of the sample, as only adolescents without health-related conditions associated to obesity were included in the study; this should be taken into account in the interpretation of the data.

Noteworthy is the fact that, different to Schiavo et al.^([@r25])^ and Valverde et al.^([@r26])^, our results did not show any association between BMI and blood lipid levels. This is possibly due to the efficiency of lipoprotein lipase (LpL) in blood removing very low-density lipoprotein (VLDL) and TG.

Conclusion
==========

There is an association between blood lipid levels, hematologic profile and body fat in obese adolescents. These findings are essential to improve the quality of therapeutic interventions not only to achieve weight loss goals, but also to control lipemia and reduce cardiovascular risk in these patients.
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